. 2010. Do the goldenwinged warbler and blue-winged warbler exhibit species-specific differences in their breeding habitat use? Avian Conservation and Ecology -Écologie et conservation des oiseaux 5(2): 2. ABSTRACT. We compared habitat features of Golden-winged Warbler (Vermivora chrysoptera) territories in the presence and absence of the Blue-winged Warbler (V. cyanoptera) on reclaimed coal mines in southeastern Kentucky, USA. Our objective was to determine whether there are species specific differences in habitat that can be manipulated to encourage population persistence of the Golden-winged Warbler. When compared with Blue-winged Warblers, Golden-winged Warblers established territories at higher elevations and with greater percentages of grass and canopy cover. Mean territory size (minimum convex polygon) was 1.3 ha (se = 0.1) for Golden-winged Warbler in absence of Blue-winged Warbler, 1.7 ha (se = 0.3) for Golden-winged Warbler coexisting with Blue-winged Warbler, and 2.1 ha (se = 0.3) for Bluewinged Warbler. Territory overlap occurred within and between species (18 of n = 73 territories, 24.7%). All Golden-winged and Blue-winged Warblers established territories that included an edge between reclaimed mine land and mature forest, as opposed to establishing territories in open grassland/shrubland habitat. The mean distance territories extended from a forest edge was 28.0 m (se = 3.8) for Golden-winged Warbler in absence of Blue-winged Warbler, 44.7 m (se = 5.7) for Golden-winged Warbler coexisting with Blue-winged Warbler, and 33.1 m (se = 6.1) for Blue-winged Warbler. Neither territory size nor distances to forest edges differed significantly between Golden-winged Warbler in presence or absence of Bluewinged Warbler. According to Monte Carlo analyses, orchardgrass (Dactylis glomerata), green ash (Fraxinus pennsylvanica) seedlings and saplings, and black locust (Robinia pseudoacacia) saplings were indicative of sites with only Golden-winged Warblers. Sericea lespedeza, goldenrod (Solidago spp.), clematis vine (Clematis spp.), and blackberry (Rubus spp.) were indicative of sites where both species occurred. Our findings complement recent genetic studies and add another factor for examining Goldenwinged Warbler population decline. Further, information from our study will aid land managers in manipulating habitat for the Golden-winged Warbler.
INTRODUCTION
The Golden-winged Warbler (Vermivora chrysoptera; Fig. 1 ) is experiencing dramatic population declines and has been extirpated in parts of its historic range (Gill 1980 , Confer 1992a , Confer 1992b , Sauer et al. 2005 . As such, the Golden-winged Warbler is listed as a "species of management concern" by the U.S. Fish and Wildlife Service (USFWS) and is on the Partners-in-Flight Continental Watchlist (Rich et al. 2004) . Like many other birds, the Goldenwinged Warbler is threatened by the loss of early successional habitat (Hunter et al. 2001 , Donovan et al. 2002 , Brennan and Kuvlesky 2005 . Goldenwinged Warbler populations are negatively affected by range expansion of the closely related Bluewinged Warbler (V. cyanoptera; Fig. 2 ) and nest parasitism by the Brown-headed Cowbird (Molothrus ater; Gill 1980 , Coker and Confer 1990 , Confer 1992a , Hunter et al. 2001 , Confer et al. 2003 , Gill 2004 , Buehler et al. 2007 ).
The Golden-winged Warbler historically inhabited the eastern U.S. and was largely allopatric from the Blue-winged Warbler, which occurred primarily west of the Appalachian Mountains (Short 1963) . The ancestral habitat of the Golden-winged Warbler was likely early successional habitat that resulted from wind, fire, and beaver (Castor canadensis) imbedded in otherwise forested landscapes (Short 1963 , Hunter et al. 2001 . The ancestral habitat of the Blue-winged Warbler is largely unknown, however, Short (1963) suggested occurrence along forest edges adjacent to prairies. Landscape-level deforestation and abandonment of farm fields likely facilitated the eastward expansion of the Bluewinged Warbler into Golden-winged Warbler range and of the latter species into the northeast (Short 1963 , Gill 1980 . These species now occur sympatrically in early successional, human disturbed sites such as abandoned farm fields, power line rights-of-way, logged forests, and reclaimed mines. However, coexistence is often fleeting and in many areas the arrival of the Blue-winged Warbler is followed by Golden-winged Warbler extirpation (Short 1963 , Gill 1980 , Confer 1992b , Canterbury et al. 1993 . These local extirpations are typically attributed to interspecific competition and genetic dilution through hybridization. Although the availability of disturbed sites is decreasing in some regions because of successional advancement Reclaimed mines in the Midwestern U.S. have become increasingly important for grassland nesting birds such as the Henslow's Sparrow (Ammodramus henslowii), Grasshopper Sparrow (A. savannarum), and Dickcissel (Spiza americana; Bajema et al. 2001 , DeVault et al. 2002 , Monroe and Ritchison 2005 . Lacki et al. (2004) documented the expansion of several grassland bird species into reclaimed mines in Indiana. In Kentucky, the Grasshopper Sparrow, Henslow's Sparrow, and Blue Grosbeak (Guiraca caerulea) historically occurred in the central and western part of the state but expanded onto eastern reclaimed mines after forested mountains were converted to grasslands (Mengel 1965 , Ciuzio 2002 , Palmer-Ball 1996 . The Golden-winged Warbler was first observed in Kentucky in July of 1944 on Black Mountain (~1264 m) where a small population persisted (Mengel 1965) . Thereafter, observations of Golden-winged Warblers were sporadic at high elevation sites on Black, Pine, and Cumberland Mountains and nesting was not documented in Kentucky until this study (Patton 2007) . In recent years, the Golden-winged Warbler was observed at lower elevations on reclaimed mines in eastern Kentucky (Palmer-Ball 1996, Patton et al. 2004 ). In 2003, 16 Golden-winged Warblers were documented via the Golden-winged Warbler Atlas Project (Cornell Lab of Ornithology 2003), which led to this study of breeding habitat characteristics.
Much of the research related to the decline of the Golden-winged Warbler has focused on hybridization with the Blue-winged Warbler (Gill 1997 , Shapiro et al. 2004 , Dabrowski et al. 2005 . Although understanding the genetic challenges that face the species is important, improving habitat conditions for the Goldenwinged Warbler in newly colonized areas such as those found in eastern Kentucky is also valuable, particularly where the Blue-winged Warbler is absent. Identification of interspecific associations and habitat characteristics at landscape, territory, and nest site scales are keys in determining whether Golden-winged Warbler populations can be promoted while discouraging encroachment by the Blue-winged Warbler (Buehler et al. 2007 ). Our objectives were to (1) quantify territory-scale characteristics of Golden-winged Warbler and Blue-winged Warbler breeding habitat on reclaimed mines, and (2) Mines were also reclaimed with black locust (Robinia pseudoacacia), a native tree species (Jones 2005) . Mixed-mesophytic forests dominated areas surrounding our study sites (Jones 2005) . This forest type is composed of a combination of deciduous and evergreen tree species including oaks (Quercus spp.), hickories (Carya spp.), maples (Acer spp.), yellow-poplar (Lireodendron tulipifera), American beech (Fagus grandifolia.), American basswood (Tilia americana), and eastern hemlock (Tsuga Canadensis), whereas chestnut oak (Q. prinus), Virginia pine (Pinus virginiana), short-leaf pine (P. echinata.), and pitch pine (P. rigida) occupy ridgetops, southwestern facing slopes, and areas with rocky shallow soils (Braun 1950 , Leopold et al. 1998 . (Shields 1977 , Bibby et al. 2000 . We revisited all flagged bird locations and recorded their latitude / longitude (North American Datum 1983) using a Global Positioning System (GPS) receiver.
Territory characteristics
To describe Golden- We estimated territory overlap as the percent each individual territory overlapped with another territory. We arcsine transformed the percentages of overlap to improve normality (Bonham 1989) . We used a Kruskal-Wallis test (Program R v. 10.1, R Foundation for Statistical Computing 2009) to identify potential differences in territory overlap among the three species groups.
Within-territory characteristics
We sampled structural and vegetative characteristics in 10 randomly selected, 5 m-radius circular plots in each Golden-winged and Blue-winged Warbler territory (Klaus and Buehler 2001 , Remes 2003 , DeBoer and Diamond 2006 . Plots of this size are more efficiently and accurately sampled than larger plots (Bonham 1989) . Additionally, an increased number of smaller plots, rather than fewer larger plots, better reflect the patchy nature of local vegetation (Bonham 1989 ), a characteristic of reclaimed surface mines. We collected habitat data from mid-June to mid-July in 2004 and 2005 after territory mapping was completed.
Habitat measurements in each plot included slope, aspect, elevation, vegetation density, shrub height, canopy cover, tree basal area, aggregate sapling height, number of seedlings, and percent of ground covered by grass, forb, and shrub. We recorded slope with a clinometer to the nearest percent. We determined aspect with a compass to the nearest Avian Conservation and Ecology 5(2): 2 http://www.ace-eco.org/vol5/iss2/art2/ degree. We recorded elevation (m) with a GPS (North American Datum 1983) or altimeter (Suunto Escape203 model).
We measured vegetation density at the center of each 5 m-radius plot with a 3.4 cm x 3.4 cm x 2.4 m wooden picket painted with alternating 1 dm black and white bands (modified from Robel et al. 1970, Griffith and Youtie 1988) . We took 16 readings, four at each cardinal location of the plot, facing the Robel pole 1 m above the ground and 4 m from the pole. We averaged these readings to yield one value per plot. We recorded shrub height (m) as the mean height of all shrubs in a plot measured by a combination of visual estimates and Robel readings. We recorded percent canopy cover at the plot center with a spherical densiometer facing each cardinal direction and averaged the readings to yield one value per plot.
We measured the diameter at breast height, measured at a height of 1.37 m above the ground, of each tree ≥10 cm (Will 1986 , Klaus and Buehler 2001 , Hudman and Chandler 2002 and computed the basal area for each plot (Avery and Burkhart 1983) . We used a clinometer to measure the height of each tree within a plot. We determined aggregate sapling height by recording the number of saplings, <10 cm dbh, >1 m tall, and visually estimating their heights (Klaus and Buehler 2001) . We recorded the species of all trees and saplings, and the number and species of all seedlings, <1 m tall (Klaus and Buehler 2001) . We visually estimated the percentage of ground covered by grasses, forbs, and shrubs for each plot and recorded the dominant species.
We arcsine transformed the percentages of slope, canopy cover, grass, forb, and shrub to improve normality (Bonham 1989) and square root transformed the number of seedlings per plot (Sokal and Rohlf 1969) . We transformed aspect data according to McCune and Grace (2002) to reflect Heat Load Index, which is a measure of solar radiation along the northeast-southwest axis. We summed the heights of all saplings in each plot to yield a single value of aggregate height, an indicator of density that is more reliable than other measures, such as number of saplings or average height of saplings (Fei et al. 2006) . We pooled data across years because we considered plots sampled in the same areas in both seasons independent due to annual structural changes in habitat (Winter et al. 2005 ). We observed black locust trees in territories from the first season that had fallen by the second season, and the substantial growth that was documented over time (Fig. 4) Costanza and Afifi (1979) . Variables with pooled within-class standardized canonical coefficients of >0.4 or <-0.4 were considered sufficiently important in separating the groupings. Class means were used to identify the specific relationship of variables to species groupings. Overall accuracy and kappa statistic were calculated to assess whether the discriminant analysis model classified significantly better than chance (Titus et al. 1984) . For all analyses, the data were analyzed at the territory level to maximize the independence of our samples. 
RESULTS

Territory characteristics
Twenty-five Golden-winged Warbler territories were delineated at sites where the Blue-winged Warbler was absent. Forty-eight territories were delineated at sites where both species occurred, i.e., 26 Golden-winged Warbler, 22 Blue-winged Warbler. Mean MCP territory size was 1.3 ha (se = 0.1) for Golden-winged Warblers in absence of Blue-winged Warblers, 1.7 ha (se = 0.3) for Goldenwinged Warblers coexisting with Blue-winged Warblers, and 2.1 ha (se = 0.3) for Blue-winged Warblers. There was no difference in territory size among the three species groupings (df = (2,70), F = 2.65, P = 0.08; Table 1 ).
Territory overlap occurred within and between species (18 of n = 73 territories, 24.7%). At sites with only Golden-winged Warblers, four territories overlapped (4 of n = 25, 16%), the overlap ranging from 0.7% to 17%. Eight Golden-winged Warbler territories at sites with coexisting Blue-winged Warblers (8 of n = 26, 30.7%) overlapped with either a Blue-winged Warbler territory (n=4) or Goldenwinged Warbler territory (n=4), and the overlap ranged from 1.5% to 57%. Six Blue-winged Warbler territories (6 of n = 22, 27.2%) overlapped with another Blue-winged Warbler territory (n=2) or a Golden-winged Warbler territory (n=4), and the overlap ranged from 0.4% to 48%. There was no difference in territory overlap among the three species groupings (df = (2,70), H = 2.18, P = 0.33; Table 1 ).
All Golden-winged and Blue-winged Warblers established territories that included an edge between reclaimed mine land and mature forest, as opposed to establishing territories in open grassland/ shrubland habitat. The mean distance territories extended from a forest edge was 28 m (se = 3.8) for Golden-winged Warblers in absence of Bluewinged Warblers, 44.7 (se = 5.7) for Golden-winged Warblers coexisting with Blue-winged Warblers, and 33.1 (se = 6.1) for Blue-winged Warblers. There was no difference in the distance the territories were from forest edge among the three species groupings (df = (2,70), F = 2.78, P = 0.07; Table 1 ).
Within-territory characteristics
The multivariate analysis of variance indicated that our habitat variables were useful in separating the three species groupings (F 2,70 = 1.69, Λ=0.56, P = 0.041). The one-way analysis of variance models identified three variables at p <0.15 to include in the linear discriminant analysis. The three variables were elevation, percent canopy cover, and percent grass. The first canonical axis of the linear discriminant analysis accounted for 90% variation between the three groups. All three variables loaded heavily on this first canonical axis 1 (Table 2) . Class means on the canonical variables ( 
DISCUSSION
Our analyses revealed few differences in breeding habitat characteristics between the Golden-winged Warbler and Blue-winged Warbler on reclaimed surface mines in southeastern Kentucky. The Golden-winged and Blue-winged Warblers monitored during our study occupied habitat on reclaimed mine land composed of patches of herbaceous plants, shrubs, and saplings that were adjacent to mature forest edges (Figs. 4a and 5 ). Other studies throughout the range of the Golden-winged Warbler have also documented an association of this species with forest edge. For example, most Golden-winged Warbler territories in north-central New York included a forest edge (Confer et al. 2003) . In Pennsylvania, Golden-winged Warbler territories occurred in 60 m wide utility rights-of-way traversing forests or small (1 ha) clearcuts that were adjacent to older forests (Kubel 2005) . The majority of Golden-winged and Blue-winged Warbler nests located on our study sites were placed near forest edges or at the peripheries of sapling groves (Patton 2007) . Similar findings were reported in the Cherokee National Forest, Tennessee, where Golden-winged Warblers typically placed nests on the edges of regenerating forests and herbaceous openings (Klaus and Buehler 2001) .
Golden-winged Warbler association with forest edge is likely indicative of the early successional habitat within which the species evolved. Prior to the availability of human-created disturbance habitat such as farmland abandonment, utility rightof ways, reclaimed surface mines, and timber harvests, Golden-winged Warblers likely nested in beaver, wind, and fire disturbed areas in otherwise forested landscapes (Short 1963 , Hunter et al. 2001 . Plant communities resulting from these were small in scale or heterogeneous with respect to degree of disturbance (Hunter et al. 2001 ). As such, Goldenwinged Warblers breeding in these communities would not have been far from a mature forest edge.
Forest edges may increase the availability of singing perches that optimize mate attraction. Rossel (2001) found that song perches of Golden-winged Warblers occurred in the upper portions of larger trees that were close to the forest edge. Forest edges may also benefit the Golden-winged Warbler via the close proximity of nesting material such as grape vine bark and oak leaves, which were commonly used for nest material by both species on our sites and elsewhere (Confer 1992a; L. Patton unpublished data). On one occasion, we observed a female Golden-winged Warbler fly repeatedly from her nest site to a single tree on a forest edge approximately 80 m away to collect grape vine bark. Dense vegetation characteristic of forest edges also may provide important foraging opportunities for adults and young during the postfledging period (Kubel 2005) . Golden-winged Warbler broods in Pennsylvania were often observed using dense cover in forests bordering clearcuts and utility rights-of-way during the postfledging period (Kubel 2005) . Finally, McCollin (1998) suggested that a The importance of developing effective management protocols that facilitate breeding habitat segregation between the Golden-winged Warbler and Bluewinged Warbler appears to be more imperative than ever considering the recent finding of range-wide cryptic hybridization between these two species (Vallender et al. 2009 ). Our study revealed differences in habitat characteristics between Golden-winged Warbler and Blue-winged Warbler breeding territories including elevation, canopy cover, and grass cover. Although few differences in habitat were identified, these characteristics are important because they may affect nesting success of Golden-winged Warblers and the occurrence of Blue-winged Warblers. The Golden-winged Warblers in this study occupied similar elevations as the Blue-winged Warbler. However, it also occurred at higher elevations where the Bluewinged Warbler was absent (Fig. 6) The site has experienced significant growth in shrub and sapling cover since this study was initiated in 2004 (Fig. 4) . It is unclear whether the Blue-winged Warbler would have expanded to this elevation even if habitat had been maintained at an early successional state, or whether succession made this area more attractive to the Blue-winged Warbler. It will be informative to monitor the extent to which the Blue-winged Warbler can colonize higher elevation sites in this region and also whether phenotypically pure Golden-winged Warbler populations at higher elevations already contain introgressed individuals, as has been documented in Tennessee (Vallender et al. 2009 ). If higher elevation sites are maintained without the Bluewinged Warbler, they may serve as sites for the Golden-winged Warbler to minimize hybridization, and thus provide important habitats that can be managed for the maintenance of genotypically pure Golden-winged Warbler populations (Buehler et al. 2007 ).
In our study, Golden-winged Warbler territories at sites unoccupied by Blue-winged Warblers had greater canopy cover compared with those of Golden-winged Warblers and Blue-winged Warblers at sites occupied by both species. Based on the results of our study and those from studies conducted elsewhere, maintaining an appropriate amount of tree cover within the early successional matrix, away from the forest edge, appears to be a requisite for use as breeding habitat by Goldenwinged Warblers. Specifically, too little tree cover and too much tree cover both result in early successional sites not being used by breeding Golden-winged Warblers (Huffman 1997 , Cumming 1998 , Klaus and Buehler 2001 . Residual basal area was lower (median=10m²/ha) in harvested stands occupied by Golden-winged Warblers than those unoccupied by Golden-winged Warblers (median = 40m²/ha) in the southern Appalachian Mountains (Klaus and Buehler 2001) . Golden-winged Warbler in central Pennsylvania often used residual overstory trees in the interior portions of clearcuts as song perches (Kubel 2005) . The amount of residual trees in harvested stands influenced the occurrence of Golden-winged Warblers in Manitoba, whereby stands with few or no residual trees were unoccupied by the species (Cumming 1998). Additionally, Huffman (1997) noted that regenerating aspen stands with residual trees were used by breeding Golden-winged Warblers in Minnesota, but recommended that residual canopy cover should not exceed 25%. Kubel (2005) hypothesized that availability of residual trees is most important when the size of a harvested stand exceeds the area of a typical Golden-winged Warbler territory (0.6-2.7 ha). For example, if a harvested stand is large enough to incorporate several territories, but no residual trees are present, then the interior portions of the harvested area will be unsuitable as Golden-winged Warbler breeding habitat. As such, territories will be restricted to the periphery of the harvested stand, and the full potential of the stand to support breeding Goldenwinged warblers will not be achieved. If this hypothesis holds true, many expansive areas of reclaimed surface mines lack this important component of Golden-winged Warbler breeding habitat. Only one study has examined the effect of tree cover on Golden-winged Warbler reproductive success (Confer et al. 2003) . Confer et al. (2003) reported that tree cover had a small, but significant, negative effect on Golden- Although we detected a relationship between increased grass cover in Golden-winged Warbler territories at sites where the Blue-winged Warbler was absent, there may be a threshold of herbaceous cover at which Golden-winged Warbler nesting success is negatively affected via nest predation and parasitism (Dion et al. 2000 , Confer et al. 2003 . Although grass cover may provide increased concealment around nests and thus can guard against predation and increase nest success (Martin and Roper 1988, Winter et al. 2005) , dense ground cover, such as that created by tall fescue, may conceal small terrestrial predators from avian predators (Orians and Wittenberger 1991, Dion et al. 2000) . In New York, Golden-winged Warbler nest parasitism by Brown-headed Cowbirds was positively correlated with percent herbaceous cover (Confer et al. 2003) . Moreover, this threshold value may easily be reached on reclaimed surface mines because fescue, a dense mat-forming grass, is often planted for erosion control. Nonetheless, this may not be applicable to our study area in eastern Kentucky because the landscape is mostly forested, and Brown-headed Cowbirds were rarely observed during our study. Further, no evidence of nest parasitism was found on our study sites (Patton 2007) . Additionally, the Brown-headed Cowbird was not recorded on point counts during a 2-year study on the Yellow-breasted Chat (Icteria virens) on reclaimed mines in eastern Kentucky (Ciuzio 2002) and was rare on reclaimed mines in Indiana (DeVault et al. 2002) . Nest parasitism by the Brownheaded Cowbird was low for several species of grassland songbirds on reclaimed mines in Indiana (Galligan et al. 2006) , and in logged forests in Tennessee and North Carolina (Klaus and Buehler 2001) . Consequently, the effects of nest parasitism by the Brown-headed Cowbird in this region may not be as great as in other portions of the Goldenwinged Warbler's range (Coker and Confer 1990 , Confer 1992a , Confer et al. 2003 , Buehler et al. 2007 ).
Common plant species on all of our study sites were fescue, timothy grass, morning-glory, and maple. Our analyses identified plant species that were indicative of sites only occupied by the Goldenwinged Warbler. These included orchardgrass, green ash seedlings, and green ash and black locust saplings. Lespedeza, goldenrods, blackberry, and clematis vine were indicator species at sites with Golden-winged and Blue-winged Warblers. Black locust, green ash, blackberry, and orchardgrass were also reported as prevalent in areas occupied by the Golden-winged Warbler in other studies (Will 1986, Klaus and (Ahlering and Faaborg 2006) . Based on the patterns revealed in our study, a mixture of grasses and forbs (~40% cover) should be promoted to facilitate Goldenwinged Warbler occupation. Habitat should also be manipulated to include scattered mature trees (basal area = 2-8 m²/ha) beyond the forest edge, and aggregate sapling heights up to 45 m/5 m². Although heavy shrub cover should be discouraged, an average of 20% will likely help create the patchy habitat that the Golden-winged Warbler appears to favor.
There were numerous patches of early successional habitat along forest edges in this study where the Golden-winged Warbler and Blue-winged Warbler were absent or failed to return in subsequent breeding seasons. Several of these sites had advanced to young forests, including midstory hardwood growth and heavy shrub cover. In these areas, periodic prescribed burning or mechanical removal of shrubs could be effective. Burns conducted during mid-January to mid-March can promote growth of herbaceous vegetation in the spring, are less likely to destroy nests of breeding birds, and can increase insect abundance (Yarrow and Yarrow 1999) . Late summer burns may also stimulate forb cover while reducing woody stems (Harper 2007) . Habitat may also be manipulated through disking, which promotes forb cover, and use of herbicides to manipulate the percentages of grass, forb, and woody cover (Harper 2007) . Some sites had forest edges that abruptly changed to grassland with little or no intermediate transition zone, resulting in a hard edge. There were also hollow-fills, or large sloped openings, adjacent to our study sites that were reclaimed solely with herbaceous vegetation. These hard edges and openings could be improved by planting patches of herbaceous vegetation, shrubs, and saplings.
It is encouraging that the Golden-winged Warbler has colonized available habitat on reclaimed surface coal mines in southeastern Kentucky. Nonetheless, further examination of their use of reclaimed mines Avian Conservation and Ecology 5(2): 2 http://www.ace-eco.org/vol5/iss2/art2/ as breeding habitat is necessary to determine whether these human-created disturbed sites support source or sink populations (Pulliam 1988 , Remes 2003 
